Purpose To determine the effect of selfassessment questions on learners' knowledge and format preference in a Web-based course, and investigate associations between learning styles and outcomes.
Results
A total of 121 of 146 residents (83%) consented. Residents had higher test scores when using the question format (mean Ϯ standard error, 78.9% Ϯ 1.0) than when using the standard format (76.2% Ϯ 1.0, p ϭ .006). Residents preferring the question format scored higher (79.7% Ϯ 1.1) than those preferring standard (69.5% Ϯ 2.3, p Ͻ .001). Learning styles did not affect scores except that visual-verbal "intermediate" learners (80.6% Ϯ 1.4) and visual learners (77.5% Ϯ 1.3) did better than verbal learners (70.9% Ϯ 3.0, p ϭ .003 and p ϭ .033, respectively). Sixty-five of 78 residents (83.3%, 95% CI 73.2-90.8%) preferred the question format. Learning styles were not associated with preference (p Ͼ .384). Although the question format took longer than the standard format (60.4 Ϯ 3.6 versus 44.3 Ϯ 3.3 minutes, p Ͻ .001), 55 of 77 residents (71.4%, 60.0 -81.2%) reported that it was more efficient.
Conclusions
Instructional methods that actively engage learners improve learning outcomes. These findings hold implications for both Web-based learning and "traditional" educational activities. Future research, in both Web-based learning and other teaching modalities, should focus on further defining the effectiveness of selected instructional methods in specific learning contexts. 
Logisticdifficultiesanddemandsfor
increasing faculty productivity challenge teaching in ambulatory settings. 1 Simultaneously, academic health centers are charged to reform residents' education 2 and improve teaching and assessment for them. 3 These challenges, coupled with resident duty hour restrictions, heighten the need to maximize learning within available opportunities. Web-based learning (WBL) offers a potential solution. 4, 5 Studies show that WBL improves learning as much or more than traditional teaching methods 6 -8 or no intervention, 9 -13 facilitates more efficient learning than traditional methods, 14 -16 and overcomes barriers of distance and scheduling constraints. [17] [18] [19] [20] [21] Yet little research has investigated ways to optimize WBL methods.
Multiple authors have suggested that not all educational Web sites are equally effective, [22] [23] [24] and that variations in instructional design can influence learning outcomes. [25] [26] [27] However, there is little evidence to support this argument, and even less evidence to guide educators regarding what does work. WBL course enhancements are not free; they often require increased faculty and programmer effort, computer infrastructure, and learner time. Yet if evidence supports their use, WBL educators will need to consider adapting their Web-based instructional approaches accordingly.
One technique to stimulate learning in live lectures is the use of self-assessment questions and feedback. 28 Similar practices would presumably be effective in Web-based teaching, 24, 29 but objective evaluations are few. One uncontrolled study found anecdotal evidence that medical students preferred WBL modules that had self-assessment questions. 18 Other studies in medical education comparing self-assessment questions to a less interactive computer-assisted learning (CAL) format showed no difference 30, 31 or favored the less interactive format, 32 but a study of college students found significant benefit from the question format. 33 Thus, while self-assessment questions and feedback hold theoretical promise, evidence is inconclusive.
Another technique that may enhance Web-based learning is adaptation of instruction to the characteristics, such as learning style, of individual learners. 34 -36 A recent review of learning styles in CAL 36 found only four studies evaluating medical students or physicians, and the only study 37 comparing alternate CAL instructional methods found no interaction with learning style. However, studies outside of medicine 36 have found significant effects, and further investigation appears to be warranted.
We hypothesized that internal medicine residents using WBL modules with selfassessment questions and feedback would have higher test scores than those using WBL modules without questions. We also sought to determine which format residents prefer, whether there is an association between format preference and test score, and whether associations exist between residents' learning styles and test score or format preference. To do this, we compared WBL modules with and without self-assessment questions in a randomized, controlled crossover trial in which each participant used both formats to study topics in ambulatory medicine.
Method

Setting and sample
All 146 categorical residents in the MayoRochester internal medicine residency program were invited to participate. This study took place in the residents' weekly continuity clinic during the 2003-04 academic year. Our institutional review board approved this study. Consent was obtained from all participants.
Interventions and randomization
In a previous study, we found that WBL modules on ambulatory medicine topics were superior to a paper format. 16 The WBL format became a standard part of the internal medicine residency ambulatory clinic curriculum for the 2003-04 academic year. As topics for this curriculum, we selected four common clinical problems: cervical cancer screening, dementia, osteoporosis, and dyspepsia. For each topic, a WBL module was developed in both standard and intervention ("question") format (see Figure 1 ). Content and layout were identical between the two formats except for case-based multiple-choice questions embedded periodically throughout question format modules. Residents were encouraged, but not required, to answer each question. After answering a question, residents were able to see the correct answer along with a rationale (feedback). The feedback did not introduce new content information.
Development and structure of the standard module format have been previously described. 16 To summarize, each evidence-based module consisted of several Web pages of text and tables, with hyperlinks to online resources, including full-text journal articles. In the present study, instructional methods common to both formats included activating prior knowledge by asking residents to reflect on a patient they had seen with this problem, facilitating self-directed learning through hyperlinks to additional resources, focusing on clinically relevant information, and repeating key concepts. Residents accessed the modules through WebCT (version 3.8), which automatically controlled format presentation. Accessing WebCT required a password (the same password used to access the local network). The standard version of each module was available without a password for use as a reference.
Participants completed two modules using the standard format and two modules using the format with questions. Sequence was determined randomly using MINIM (version 1.5, London Hospital Medical College, London, UK), with stratification by postgraduate year and continuity clinic site. Modules were released every six to eight weeks, but residents completed them on their own schedules. Blinding was not possible in this study.
Instruments and outcomes
One primary outcome, knowledge, was determined by score on a post-test at the end of each module. Case-based test questions were developed to address each module's objectives using the method we have described previously, 16 which involves expert review and piloting on internal medicine faculty. Questions were designed to assess application of knowledge. 38 At the end of the academic year, residents completed a cumulative test ("delayed test") composed of the questions from each post-test. Residents received test scores, answers, and feedback only following the delayed test. To obtain an estimate of knowledge retention over time, we included for analysis only scores from delayed tests completed at least three weeks after the post-test.
The other primary outcome, format preference, was assessed on an end-ofcourse questionnaire using a scale ranging from 1 ϭ "Strongly prefer questions and feedback" to 6 ϭ "Strongly prefer no questions and feedback." The questionnaire included additional comparisons of the two formats (efficiency, effectiveness, and time spent), and questions regarding the number of self-assessment questions actually answered, continued use of the modules, and technical difficulties. We recorded Web site hits at two-week intervals.
Learning styles were assessed using Felder and Solomon's Index of Learning Styles (ILS). 39 The ILS provides a separate score for each of four dimensions (activereflective, visual-verbal, sensing-intuitive, and sequential-global),* with scores ranging from -11 to ϩ11 in increments of 2 (-11, -9, ... 7, 9, 11). Our preliminary data suggested acceptable reliability for these scores. 40 Because the effects of learning styles are more pronounced for learners with scores at the extremes of the scale, 41 scores between -3 and ϩ 3 were considered "intermediate," while scores above or below this were classified according to the corresponding style.
All tests and questionnaires were administered using WebCT.
Statistical analysis
Test scores were compared over time and between the two formats using a mixedeffects analysis of variance (ANOVA) accounting for repeated measurements on each subject and for differences among modules. For the comparison between formats, additional adjustments were planned for group assignment, postgraduate year, gender, clinic site, and the number of self-assessment questions answered. To determine the effect of format preference and learning style on test scores, the ANOVA was repeated adjusting separately for format preference (treated as a dichotomous variable using the center of the possible range as the cutpoint) and learning styles. The ANOVA was repeated for the delayed test, with additional adjustment for time from post-test to delayed test.
Format preference was analyzed using the Wilcoxon signed rank test, testing the null hypothesis that there was no preference. Either the Wilcoxon rank sum test or the Kruskal-Wallis test was used for comparisons among two or more groups. Generalized linear models were used to evaluate the possibility of simultaneous effects from multiple learning styles on format preference. The fit of this parametric model was assessed and deemed adequate for analysis of this ordinal variable. Other questionnaire responses were analyzed using the Student's t, Wilcoxon signed-rank, or Wilcoxon rank sum test as appropriate.
All analyses were performed using intention-to-treat and a two-sided alpha *Since some of these learning style dimensions may be unfamiliar, a brief review is in order. Active learners prefer practical application or exercise of information they have received. Reflective learners, on the other hand, internalize informationobserving before passing judgment, examining from different perspectives, and looking for meaning as they create new knowledge. Sensing learners prefer what is real (facts, data, and experimentation), while intuitive learners look for patterns and meaning (principles and theories). Visual learners prefer the written or spoken word, while verbal learners learn best from pictures, demonstrations, and displays. Sequential learners follow a linear process of logical steps when they learn, while global learners seem to make large leaps, occasionally struggling until suddenly they "get it." For a more detailed discussion see Felder and Silverman's original description, 63 and also Cook's review 36 and accompanying references. level of .05. The expected sample size of 86 participants was to provide 90% power to detect a difference of 0.5 points in preference and a 7% change in test score. All analyses were performed using SAS 8.02.
Results
One hundred twenty-three residents consented to participate and were randomized (see Figure 2) , for a response rate of 84%. One resident subsequently left the program, and one withdrew from the study citing difficulty completing tests in WebCT, leaving 121 residents for final analysis. One hundred nineteen residents (98.3%) completed at least one module, 90 (74.4%) completed all modules, and 78 (64.4%) completed the final survey. Demographics and other characteristics of the participants are summarized in Table 1 .
Knowledge
After adjusting for differences among modules, post-test scores were higher for the question format (mean Ϯ standard error, 78.9% Ϯ 1.0%) than for the standard format (76.2% Ϯ 1.0%, p ϭ .006; see Figure 3 ). This difference persisted after adjusting for study group, gender, postgraduate year, and clinic site (p ϭ .005). Adjustment for additional covariates including ethnic group, comfort using the Internet, experiences with WBL, or perceptions of technical problems yielded similar results. Adjustment for the number of selfassessment questions answered revealed a trend (p ϭ .066) suggesting that those who had answered more questions scored higher. After adjusting for postgraduate year and clinic site, women had higher scores (81.0% Ϯ 1.7%) than men (76.7% Ϯ 1.5%, p ϭ .02) regardless of format, although without multivariate adjustment this difference did not reach statistical significance.
Format preference influenced test scores, with those preferring the question format scoring higher (79.7% Ϯ 1.1%) than those preferring standard (69.5% Ϯ 2.3%, p Ͻ .001). Preference also interacted with format (p ϭ .031) with the lowest scores occurring among those using the standard format who reported preference for that format.
Scores on the delayed test were not significantly different between the question (70.3% Ϯ 1.6%) and standard (69.9% Ϯ 1.5%) formats both before (p ϭ .771) and after (p ϭ .873) multivariate adjustment, including time from post-test to delayed test. Once again, residents preferring the format with questions performed better than those who preferred the standard format (p Ͻ .001). Hits to module web pages are reported in Figure 4 .
Format preference and use of modules
Associations with learning styles
Learning style scores (summarized in Figure 5 ) had no significant association, individually or combined in multivariate analysis, with format preference (p Ͼ .384). Post-test scores were not significantly associated with scores in the active-reflective (p ϭ .198), sensingintuitive (p ϭ .522), or sequential-global (p ϭ .305) dimensions. However, visualverbal styles were associated with immediate post-test scores (p ϭ .009 after adjusting for topic and format). Learners with intermediate visual-verbal style scored highest (80.6% Ϯ 1.4%), followed by visual (77.5% Ϯ 1.3%) and verbal (70.9% Ϯ 3.0%) learners. This difference was significant between intermediate and verbal (p ϭ .003) and visual and verbal (p ϭ .033) styles. There was no significant interaction (p ϭ .922) between visual-verbal styles and format when looking at post-test scores. Similar results were found after further adjusting for study group, gender, postgraduate year, and clinic site. In simultaneous adjustment for all learning styles, only the visual-verbal dimension was significantly associated with scores (p ϭ .003).
Discussion
In a crossover trial comparing WBL modules with self-assessment questions and feedback to modules without questions, we found that internal medicine residents had higher test scores when using the format with questions. Furthermore, residents strongly preferred the question format and felt it facilitated more effective and efficient learning even though it required more time to complete. These effects remained stable after adjusting for learner characteristics including gender, ethnic group, postgraduate year, prior experience with WBL, and learning styles.
While these data support the theory that instructional methods promoting learner interaction are more effective than less active methods, they contradict prior studies of CAL in medical education. One study found no difference between two case-based CAL formats with varying levels of interactivity, but the variation between formats was poorly defined. 30 Another study found that basic science medical students using a CAL format with case-based questions and answers had lower scores than did those using a less interactive CAL format. 32 The study's authors attributed this unexpected finding to the outcome measure, which tested recall rather than application of knowledge, and lack of familiarity of the learners with case-based learning. A follow-up report studying the same CAL formats and the same group of learners in a clinical setting (neuroradiology) found no difference between formats, 31 but in this case potential differences between study groups might have been diluted by learning from other sources during the eight-week lapse between pre-test and post-test. The present study avoids the limitations of this prior research, and corroborates a study of college students 33 that demonstrated that self-assessment questions with feedback significantly improved post-test scores, and a study of medical students 18 who preferred casebased modules over less interactive formats. Future research could confirm our findings and investigate alternate means of engaging learners in Web-based environments. 27 These results have relevance beyond WBL, as they support the use of active learning methods in general. Although the literature abounds with courses and curricula using "active learning methods," few studies have rigorously compared active methods with alternative instructional techniques. For example, many comparative studies in medical education are limited by the use of multifactorial educational interventions 42-45 that confound the attribution of effect or lack thereof to any specific method or process. 46, 47 Other studies make comparisons with nointervention controls, 42-45,48,49 thus failing to inform selection of effective methods from multiple available options. We suggest that instead of studying whether medical students and physicians can learn using a designated method or combination of methods, we should study how best to facilitate learning. By carefully controlling for confounding variables, the present study has demonstrated that variations in instructional method-namely, methods that actively engage the learner-can positively influence learning.
Although residents felt that the format with questions required more time, they preferred this format and felt that it was more efficient. We ascribe this to their perception that this format was more effective. Additionally, learners who preferred the active learning format had higher test scores than did those preferring the standard format. While unmeasured factors such as motivation may be playing a role here, these findings should reassure educators concerned about employing instructional methods that demand more from the learners.
It is important to consider the clinical (educational) significance of these findings. Although the treatment effect of test scores is modest, the true difference is likely attenuated by other sources of variance among the study groups. 46 It is also possible that additional learning gains were realized yet unmeasured by our assessment. The observed effect compares favorably with findings of other education studies using active-intervention comparison groups, where differences are typically nonsignificant 14 -16,50 -53 or small. 6 Since learners preferred the more effective instructional method, the concordance among outcomes suggests that self-assessment questions with feedback do have a clinically significant benefit on learning.
With the exception of lower test scores among residents with verbal style, learning styles did not affect test scores or format preference. There were no aptitude-treatment interactions 54 between learning style and format. This lack of effect is not wholly unexpected given the central importance of instructional method in facilitating learning, and supports the argument that use of effective instructional methods should be ensured before considering the influence of learning styles. 36, 55 Future studies might investigate theory-and evidence-based predictions 36 regarding the adaptation of sound instructional methods to individual learning styles. While the association between visualverbal styles and test scores is interesting, we caution that this finding should be considered preliminary: it was not predicted by theory, prior research using this style dimension has yielded inconsistent results, 36 and a recent study showed poor test-retest reliability for ILS visual-verbal scores. 56 The significant difference between formats was no longer present when residents were tested after a delay of several months. Although we are disappointed that the effect did not persist, knowledge retention is challenging in all educational settings, including CAL and WBL, 14 ,57,58 and should be a focus of further research.
Our previous study suggested that passwords impede use of WBL modules. 16 Although residents must still use a password to access WebCT, it is the same password used to access the institution network. Furthermore, we made the standard version of the course available without a password. With this change, fewer residents reported problems with passwords (15% now, compared with 61% previously), hit counts to the sites increased nearly tenfold, and self-reported ongoing use increased by 40%. These findings are congruent with our experience with a WBL site that was not password protected, 20 and support our previous proposition that passwords impede use of WBL. 16 However, use is still lower than might be expected, suggesting again that learners likely use other reference resources. This implies that when WBL developers face trade-offs between effective instructional methods and features to enhance usability as a reference, the former should prevail.
Our study has limitations. We did not assess patient-related outcomes. 59 Also, it is possible that the case-based questions in the intervention gave learners an advantage on the post-test, which also used case-based questions. However, we made intentional effort to avoid similarities among the cases and questions in the intervention and those in the assessment. Finally, the study involved a single training program, and the composition of our program may not be representative of that of other programs.
This report occupies a sparsely populated niche in WBL literature. The vast majority of publications to date are descriptive, akin to the clinical case report. While these demonstrate the feasibility of an intervention, they do little to inform practice. Almost all evaluative studies are limited either by the use of no-intervention controls or by comparison across different media (e.g., comparison of WBL to lecture or textbook). Inasmuch as authors have consistently denounced mediacomparative research for at least 20 years, [25] [26] [27] 60, 61 it is time for research in WBL to move forward through a line of research that produces generalizable knowledge and builds upon the past. This study provides a model of such research. Specific directions for research suggested by this study include comparisons of alternate instructional methods to engage learners, theory-based investigations of cognitive and learning styles, and the role of learner motivation in Web-based learning. We further suggest that comparing carefully selected variations in instructional method will provide more meaningful and generalizable results in medical education studies, regardless of the medium, than will other widely prevalent study designs. 46 Such studies will answer the recent plea for rigorous controlled trials in medical education. 62 In conclusion, we found that selfassessment questions and feedback enhanced learning for internal medicine residents using a Web-based course in ambulatory medicine. We suggest that these findings hold implications for "traditional" educational activities as well as WBL-namely, that teachers must incorporate methods to actively engage learners in the learning process. As educators struggle to assist learners in the face of a rapidly growing body of information and decreasing time in which to learn, it will be increasingly important to identify effective educational practices. Future research, both in WBL and other teaching modalities, should focus on further defining the effectiveness of selected instructional methods in specific learning contexts.
